Abstract The fixed biomass inside porous medium has two layers where biomass yield constants are different from each other when it is cultivated in the chemostat reactor. The biomass fixed inside porous medium is tested to see whether the operation type affected the structure of it. Two kinds of operation method of the reactor were used for the biofilm cultivation. One is the batch reactor. Another is the chemostat reactor. From the kinetic test, it is found that the biofilm fixed in the batch reactor does not have two layers that were observed in the biofilm from the chemostat reactor. Within the experimental conditions for type-1, the result of kinetic tests show homogeneous biofilm characteristics. It can be concluded that the reactor type (batch type or chemostat type) affects the structure of biomass fixed inside porous medium.
Introduction
The biomass fixed inside the porous medium, for example sponge cube, has the biofilm characteristics from the kinetic experiment (Deguchi et al., 1999) . The authors have reported that the fixed biomass inside porous medium has two layers where biomass yield constants are different from each other when it is cultivated in the chemostate reactor. It is considered that the operation method of the reactor might be the cause of this curious structure of biomass fixed inside porous medium. However, the affect of the operation method on biofilm structure has not been clarified. In this investigation, biofilm fixed inside porous medium is tested to see whether the operation method affected the structure of it. On the cultivation of biofilm, two kinds of operation method of the reactor were used for the biofilm. One is the batch reactor (type-1). The other is the chemostat reactor (type-2) as a control. The theory of diffusion coupled with biological reaction is used as a tool for this investigation.
Method Cultivation of biofilm
The biomass used for the kinetic test was cultivated both in a batch reactor and a chemostat reactor. The batch reactor has 15 L in volume. One running cycle time of the batch reactor was 4 hours. After one running cycle time of the batch reactor, the whole water (15 L) in the reactor is quickly discharged. Then synthetic substrate (15 L) is fed to the reactor at once. The flow rate of the feed pump was 14.7 m 3 /d. The chemostat reactor has 30 L volume. The feed pump continuously fed the substrate to the reactor. The flow rate of the feed pump was 0.17 m 3 /d. The water in each reactor was totally mixed by re-circulation. The water of the reactor was sucked from the bottom and returned to the top of the reactor for mixing. The flow rate of the re-circulation pump was 14.7 m 3 /d. The substrate used in the cultivated test is made up of methanol, nitrate and buffer solutions. The nitrate loading was 3.5 gN/m 2 /d for both reactors. The ratio of methanol to nitrate was 7.5 g methanol/1 g nitrate to ensure the nitrate limiting condition.
Medium
Porous medium that has 12 mm × 12 mm × 15 mm as length, width and height was used as biomass support medium. The pore size of this porous medium was 27 pores per inch.
Kinetic experiment
Kinetic experiments have been carried out to see the characteristics of biomass fixed inside porous medium. The set up used for the kinetic test was illustrated as Figure 1 . Porous medium in the reactor was put in order like one plate. In the reactor, the bulk water is flowing only on the surface of the porous medium. The theory of diffusion for substrate biofilm is also assigned in this investigation (Henze et al.) as an analyzing tool. If denitrification rate of fixed biomass inside porous medium is proportional to the square root of the nitrate concentration S 3 in bulk water, the biomass can be thought of as a biofilm.
Measurement
For the kinetic test, the samples for analyzing the water quality were taken from the effluent after 5-residence time. The sample of the substrate (S 1 ) used for the test was taken both before and after each kinetic test from the substrate bottle. TOC, IC, and NO 3 -were measured. If the samples could not be immediately analyzed, they were stored in the freezer.
Results
The denitrification rate r A was calculated by Eq. (1) based on mass balance over reactor.
( 1) where Q is flowrate of feed pump, A is area of biofilm.
The experimental results of the kinetic test using biomass fixed by type-1 are shown in Figure 2 . When S 3 1/2 is less than 36g 1/2 /m 3/2 , the denitrification rate by fixed biomass is found to be proportional to the square root of effluent nitrate concentration. The slope of the function is 1.01 g 1/2 /m 1/2 /d. Therefore, it can be considered that the biomass fixed by type-1 is thought of as a biofilm. The denitrification rate reaches zero order reaction rate regions at around 36 g/m 2 /d when the square root of nitrate concentration rises over 36 g 1/2 /m 3/2 .
The experimental results of the kinetic test using biomass fixed in the type-2 reactor are also shown in Figure 3 . The denitrification rate by fixed biomass is found to be proportional to the square root of effluent nitrate concentration. Therefore, it can be considered that the biomass fixed in the type-2 reactor is thought of as a biofilm. From the result of 
Discussion
The result of the kinetic test using biomass fixed in the type-1 reactor also indicated that there is no turning point in the slope (see Figure 2) . It is thought that no layers where the biomass yield constants are different from each other exist in the biofilm. The stoichiometric study was done to see whether this observed result is true or not. The stoichiometric relation is shown in Figure 4 . According to the stoichiometric relation of the observed reaction, the stoichiometric formula can be described as follows:
From Eq. (2), the yield constant for the biofilm fixed inside porous medium in type-1 reactor was 0.58 gCOD(biomass)/gCOD(CH 3 OH). From the above-mentioned experimental results, it can be concluded that the biomass fixed inside the porous medium by type-1 has only one layer. For the kinetic test using biomass fixed in the type-2 reactor, the changes of slope for specific rate at a denitrification rate of 3 g/m 2 /d show that there is a specific characteristic in biofilm fixed inside the porous medium by type-2 (see Figure 3) . It is thought that there are two layers of biomass whose yield constants were different from each other. The location of this turning point is also estimated 1 mm from the surface of the porous medium. The stoichiometric study was done in the same way. The stoichiometric relation is shown in Figure magnified 5. According to the stoichiometric relation, the stoichiometric formula can be described as follows for the observed reaction (Deguchi et al., 1999) :
Eq. (3) represents the stoichiometric relation for the biomass that is located within 1 mm from the surface (r A <3 g/m 2 /d). Eq. (4) represents the stoichiometric relation for the biomass including the portion of the biomass layer that is located over 1 mm from the surface (r A <3 g/m 2 /d). From these equations, one layer located within 1 mm from the surface has a yield constant of 0.30 gCOD(biomass)/gCOD(CH 3 OH) and another layer located over 1 mm from the surface has a yield constant of 0.58 gCOD(biomass)/gCOD(CH 3 OH). It can be concluded that the biomass fixed inside the porous medium by type-2 has two layers. (Deguchi et al., 1999 have already reported.) Within the experimental condition for type-1, the result of the kinetic tests show that the biomass fixed inside porous medium has only one layer. However, within the experimental condition for type-2, the results of kinetic tests show that the biomass fixed inside the porous medium has two layers. It is considered that the way of operating for the reactor affects the structure of biomass fixed inside the porous medium. 
Conclusion
It is confirmed from the kinetic test that the biomass fixed inside the porous medium in the batch type reactor (type-1) has the biomass characteristics. The zero order denitrification rate of the biomass fixed by type-1 is around 36 g/m 2 /d.
The biofilm fixed in the type-1 reactor does not have two layers that were observed in the biofilm from chemostat type reactor (type-2). Within the experimental conditions for type-1, the results of the kinetic tests show homogeneous biofilm characteristics. It can be concluded that the operating type (batch type or chemostat type) for the reactor affects the structure of biomass fixed inside the porous medium.
The yield constant for the biofilm fixed inside the porous medium in type-1 reactor was 0.58 gCOD(biomass)/gCOD(CH 3 OH). The yield constant for the biofilm fixed inside the porous medium in type-2 reactor were 0.30 gCOD(biomass)/gCOD(CH 3 OH) (within 1 mm from the surface) and 0.58 gCOD(biomass)/gCOD(CH 3 OH) (over 1 mm from the surface).
